The most recent IBIS/ISGRI survey, i.e. the fourth one, lists 723 hard X-ray sources, many still unidentified, i.e. lacking an X-ray counterpart or simply not studied at lower energies, i.e. below 10 keV. In order to overcome this lack of X-ray information, we cross-correlated the list of IBIS sources included in the fourth IBIS catalogue with the Swift/X-ray Telescope (XRT) data archive, finding a sample of 20 objects, not yet reported in the literature, for which XRT data could help in the search for the X-ray and hence optical counterpart and/or, for the first time, in the study of the source spectral and variability properties below 10 keV. 16 of these objects are new INTEGRAL detections, while four were already listed in the third survey but not yet observed in X-rays. Four objects (IGR J00465−4005, LEDA 96373, IGR J1248.2−5828 and IGR J13107−5626) are confirmed or likely absorbed active galaxies, while two (IGR J14080−3023 and 1RXS J213944.3+595016) are unabsorbed active galactic nuclei (AGN). We also find three peculiar extragalactic objects, NGC 4728 being a narrow-line Seyfert galaxy, MCG+04-26-006 a type 2 Low Ionization Nuclear Emission Region and PKS 1143−693 probably a quasi-stellar object; furthermore, our results indicate that IGR J08262+4051 and IGR J22234−4116 are candidate AGN, which require further optical spectroscopic follow-up observations to be fully classified. Only in the case of 1RXS J080114.6−462324, we are confident that the source is a Galactic object. For IGR J10447−6027, IGR J12123−5802 and IGR J20569+4940, we pinpoint one X-ray counterpart, although its nature could not be assessed despite spectral and sometimes variability information being obtained. Clearly, we need to perform optical follow-up observations in order to firmly assess their nature. There are five objects for which we find no obvious X-ray counterpart (IGR J07506−1547 and IGR J17008−6425) or even no detection (IGR J17331−2406, IGR J18134−1636 and IGR J18175−1530); apart from IGR J18134−1636, all these sources are found to be variable in the IBIS energy band, therefore it is difficult to catch them even in X-rays.
so that it is not always possible to characterize these sources in terms of spectral shape, flux, absorption properties and variability. To this aim, we have cross-correlated the list of IBIS sources included in the fourth IBIS catalogue with the archive of all Swift/X-ray Telescope (XRT) pointings, finding a sample of 20 objects for which low-energy data can help in identifying the X-ray and hence the optical counterpart and/or in providing X-ray spectral and variability information. We emphasize that most of the associations and hence types listed in the fourth IBIS survey, for these 20 sources, stem from this work.
The paper is structured as follows: in Section 2, we briefly present the method adopted for the XRT data reduction and the criteria assumed for the spectral analysis. Section 3 is devoted to the discussion of the results for each individual sources. Conclusions are drawn in Section 4.
DATA R E D U C T I O N A N D A NA LY S I S
For all sources in the sample, we use X-ray data acquired with the XRT (0.3-10 keV; Burrows et al. 2005 ) on board the Swift satellite. The XRT data reduction was performed using the XRTDAS standard data pipeline package (XRTPIPELINE v. 0.12.2) , in order to produce screened event files. All data were extracted only in the photon counting (PC) mode (Hill et al. 2004) , adopting the standard grade filtering (0-12 for PC) according to the XRT nomenclature. The log of all XRT observations presented in this paper is given in Table 1 . For each measurement, we report the observation code (ID), the observation date and the exposure time.
For each observation we analysed, with XIMAGE v. 4.4.1, the 0.3-10 keV image to search for sources detected (at a confidence level >3σ ) both within the 90 and 99 per cent IBIS error circles. Then, we estimated the X-ray positions using the task XRTCENTROID V.0.2.9 by taking into account the longest pointing for those sources with more than one observation. XRT images are shown in Figs 1-20 with overlapping IBIS error circles and, when available, also BAT positional uncertainties. Table 2 lists all 20 IBIS sources analysed here together with their position and relative uncertainty as listed in Bird et al. (2010) as well as their location with respect to the Galactic plane. For each of these gamma-ray emitters, we then report the position and relative uncertainties (at 90 per cent confidence level) of all sources detected by XRT within the 90 and 99 per cent IBIS error circles as well as the count rate in the 0.3-10 keV energy band and the likely counterpart found searching in various on-line archives such as NASA/IPAC Extragalactic Data base (NED), High Energy Astrophysics Science Archive Research Center (HEASARC) and Set of Identifications, Measurements, and Bibliography for Astronomical Data (SIMBAD). Following Harrison et al. (2003) , we estimated the probability of detecting a 2-10 keV extragalactic source with flux greater 5 × 10 −14 erg cm −2 s −1 by chance within a typical error circle of 3-5 arcmin radius to be negligible, i.e. close to zero over the entire sample.
Next, we analysed the spectra of the most likely X-ray counterparts, which have XRT data with a signal-to-noise ratio above 5σ , in order to perform a reliable spectral analysis; for other objects, only flux information are provided. Events for spectral analysis were extracted within a circular region of radius 20 arcsec, centred on the source position; this region encloses about 90 per cent of the point spread function (PSF) at 1.5 keV (see Moretti et al. 2004 ). The background was taken from source-free regions close to the X-ray source of interest, using circular regions with different radii in order to ensure an evenly sampled background. The source spectrum was then extracted from the corresponding event file using the XSELECT V.2.4 software and binned using GRPPHA in an appropriate way, so that the χ 2 statistic could be applied. We used version v.011 of the response matrices and created the relative ancillary response file arf using the task XRTMKARF V. 0.5.6. The energy band used for the spectral analysis, performed with XSPEC v. 11.3.2 (Arnaud 1996) , depends on the statistical quality of the data and typically ranges from 0.3 to ∼8 keV.
For objects with more than one pointing, we summed together all the available observations and performed the spectral analysis of the average spectrum, unless flux variability was evident in the data; in the first instance, we adopted, as our basic model, a simple power law passing through Galactic absorption (Kalberla et al. 2005) . If this baseline model was not sufficient to fit the data, we then introduced extra spectral components as required. The results of this analysis are reported in Table 3 , where we list the Galactic absorption, the column density in excess to this Galactic value, the power-law photon index, the reduced χ 2 of the best-fitting model and the 2-10 keV flux. All quoted errors correspond to 90 per cent confidence level for a single parameter of interest ( χ 2 = 2.71). A more detailed description of the X-ray spectral analysis results is given in a dedicated section for each source.
N OT E S O N I N D I V I D UA L S O U R C E S
In the following, results on each individual source are presented. All sources discussed in this section appear in the fourth IBIS catalogue (Bird et al. 2010 ) either as new detections or as already reported sources; if no mention to previous references is given, then the source is a new INTEGRAL detection.
IGR J00465−4005
This IBIS source is located at high Galactic latitude (b ∼ −77
• ), which already suggests an extragalactic nature. According to an archival search, a ROSAT Faint X-ray source, 1RXS J004638.2−400921, is present within the IBIS positional uncertainty, but its location is known with no great accuracy (15 arcsec radius). There is only one XRT source detected within the IBIS error circle at ∼9σ confidence level in the longest (∼6.7 ks) XRT observation (see Fig. 1 ) and it coincides with the ROSAT object, which is now located with an accuracy of few arcseconds. This source has a radio counterpart in the NRAO VLA Sky Survey (NVSS; Condon et al. 1998 ) with a 20 cm flux of 41.5 ± 1.3 mJy and in The Sydney University Molonglo Sky Survey (SUMMS; Mauch et al. 2003 ) with a 36 cm flux of 60.3 ± 2.3 mJy. Furthermore, the XRT detection coincides with the galaxy ESP 39607 reported in NED as having a redshift of z = 0.226. The source is listed in the United States Naval Observatory (USNO-B1.0; Monet et al. 2003 ) catalogue with R, B magnitudes of 17.3 and 17.8, respectively, while in the 2 Micron All Sky Survey (2MASS; Skrutskie et al. 2006) , it is reported as having near-infrared (near-IR) magnitudes J = 16.379 ± 0.129, H = 15.844 ± 0.164 and K = 14.845 ± 0.133.
The fit with our basic model does not satisfactorily reproduce the data (χ 2 /ν = 60.8/19) because of the presence of excess emission below 2 keV. To account for this extra feature, we adopted a double power-law model, with the primary component absorbed by intrinsic absorption and the secondary component, having the same photon index of the primary one, passing only through the Galactic column density: with this model, we found a fit improvement corresponding to a χ 2 /ν = 49.5/2. As a result (see Table 3 ), we obtain an intrinsic absorption of N H ∼ 2.4 × 10 23 cm −2 , a steep photon index ( ∼ 2.5) and a 2-10 keV flux of ∼1.2 × 10 −12 erg cm −2 s −1 . The X-ray spectroscopy also indicates a flux variability by a factor 1.3 between the two XRT observations. The overall characteristics of IGR J00465−4005 strongly indicates that ESP 39607 is an active galaxy at intermediate redshift,
while the absorption measured in the X-ray spectrum further indicates that it is an absorbed active galactic nucleus (AGN). This hypothesis is now confirmed by dedicated optical spectroscopy (Masetti et al. 2009 ). 
LEDA 96373
This source, known also as IGR J07264−3553, was first observed at high energies during the all-sky hard X-ray IBIS survey (Krivonos et al. 2007 ) and recently reported in the Palermo Swift/BAT survey [Cusumano et al. 2009 ; both works associated it to LEDA 96373 (also 2MASX J07262635−3554214) a galaxy classified in NED as a Seyfert 2 at z = 0.0294. However, X-ray follow-up observations with XRT indicate the presence of more possible counterparts in the IBIS error circle as listed in Table 2 and shown in Fig. 2 ]: four X-ray sources are visible of which two (#1 and #4) are located within the 99 per cent error radius and the other two (#2 and #3) are instead found within the 90 per cent positional uncertainty. Sources #1 and #2 are weak and soft being detected mostly below 3 keV, but the other two objects are brighter and of comparable intensity; object #4 is mostly emitting soft X-rays. Source #3 is indeed the galaxy LEDA 96373 proposed as the likely counterpart of the hard X-ray emitter. The combined use of both IBIS and BAT error circles (see Fig. 2 ) clearly indicates that only this source is detected by both instruments, thus confirming previous associations. The source is yet another AGN found close to the Galactic plane; it is an IRAS source (IRAS 07245−3548), as well as a relatively bright radio object (NVSS J070726−355422) having a 20 cm flux of 171.7 ± 5.2 mJy.
Despite the low statistical quality of the data, the basic model is not a good fit, as excess emission is observed below 2 keV. Also in this case, a double power-law model is a better fit ( χ 2 /ν = 7.5/2); we find an intrinsic column density of ∼7 × 10 22 cm −2 and a photon index ∼ 2.5 (see Table 3 ) compatible within uncertainties with the canonical AGN value. The source seems to vary by a factor of 2 within a time-scale of few days, with an average 2-10 keV flux of ∼4.2 × 10 −13 erg cm −2 s −1 . The X-ray spectral characteristics, Bird et al. (2010) and Leyder et al. (2008) , respectively. The only X-ray source detected by XRT is labelled as #1. Also plotted (black box) is the position of the YSO (IRAS 10423−6011) proposed by Leyder et al. (2008) as the counterpart of IGR J10447−6027.
reported in this work for the first time, are compatible with the AGN type 2 nature of this source.
IGR J07506−1547
This source was first reported in the second IBIS catalogue (Bird et al. 2006 ), but not confirmed in the third survey (Bird et al. 2007 ) most likely because it went into a quiescent period which prevented detection at later stages of the analysis. Indeed, it was recovered in the fourth catalogue thanks to the bursticity analysis, which provided a clear source detection when period of quies- cence were removed (see Bird et al. 2010 ). There are two X-ray observations available for this field, but unfortunately no source was detected within the 90 per cent IBIS uncertainty during either XRT pointing. In the longer observation (∼8.3 ks) two objects (#1 and #2 in Table 2 ) are revealed, but they lie within the 99 per cent IBIS error circle (see in more detail their nature. However, their faintness in X-rays, 1 soft spectrum and location with respect to the IBIS error circle suggest that their association with IGR J07506−1547 is unlikely. On the other hand, the lack of a bright counterpart is consistent with the strong variable X-ray emission of this IBIS object. It is evident that it will be very difficult to catch the soft X-ray counterpart of IGR J07506−1547 using 'standard' follow-up observations unless a well-defined monitoring strategy can be conceived. 
1RXS J080114.6−462324
Within the fourth IBIS catalogue, this source is labelled as variable with a small bursticity value (Bird et al. 2010) . The ROSAT Faint Survey source is clearly the counterpart as it lies very close to the IBIS best-fitting position; however, its positional accuracy is too poor (23 arcsec) to allow optical follow-up observations. Fortunately, this sky region was observed repeatedly by XRT as follow-up observations of GRB 070227, so that monitoring of the IBIS/ROSAT detection was also possible. The analysis of the XRT images provides a better position for the ROSAT detection and confirms its associations with the IBIS object (see Fig. 4 ), being this X-ray source also detected above 3 keV. This object is also reported in the XMM-Newton Slew Survey (XMMSL1 J080117.3−462328) with a positional accuracy comparable to that of XRT and a 0.2-12 keV • 23 27. 9, with magnitudes R ∼ 16.3, which also belongs to the 2MASS survey with magnitudes J = 14.442 ± 0.043, H = 14.032 ± 0.051 and K = 13.744 ± 0.059; this source is just compatible with the XMM-Newton Slew positional uncertainty and furthermore is reported as a star with a proper motion [46.3 (RA) and 18.5 (Dec.) mas yr −1 ] in the PPM-Extended catalogue (Röser et al. 2008) .
A simple power law does not reproduce the X-ray data (χ 2 /ν = 216.4/108) again because of the presence of soft emission below 2 keV; modelling this component with a blackbody emission provides an improvement of the fit ( χ 2 /ν = 109.9/2). The best-fitting results, reported in Table 3 , are a photon index ∼ 1.6 and a blackbody temperature of kT ∼ 100 eV. No extra absorption in excess to the Galactic value is required by the data. As mentioned above, comparing different XRT pointings, we find significant changes in flux (by a factor of ∼3.2), but not in the spectral shape (although a small variation is observed in the power-law photon index). This observational evidence confirms that the source variability also observed in the IBIS data (Bird et al. 2010 ) is a typical signature of this source. The X-ray spectral behaviour, as well as the shortterm variability (of the order of few days) and the observation of proper motion, argues in favour of a Galactic source, while the source location slightly above the Galactic plane (b ∼ 8
• ) suggests that it might be a cataclysmic variable. Indeed, recent optical follow-up observations confirm this suggestion (Masetti et al. 2009 ). 
IGR J08262+4051
This source was found only analysing INTEGRAL data of Revolution 314, suggesting a variable nature. In this case, XRT detects four sources, of which three are located within the 99 per cent and one within the 90 per cent IBIS error circle (see Table 2 and Fig. 5 ), but only in the longer (∼8.6 ks) XRT pointing (see Table 1 ). The brightest object (#2), detected at ∼6σ confidence level in the 0.3-10 keV energy band but not above 3 keV, coincides with the bright galaxy MCG+07-18-001, also listed in the 2MASS Extended catalogue (2MASX J08260056+4058514) and previously detected as a ROSAT faint object (1RXS J082609.2+405808); this source with a redshift of z = 0.0574 is a member of the galaxy group SDSS-C4-DR3 3247 (from NED). Within the XRT positional uncertainty, we find a NVSS radio source (NVSS J082600+405850) having a 20 cm flux of 14.0 ± 1.0 mJy, most probably associated to MCG+07-18-001. The X-ray spectrum of this galaxy is well described (see Table 3 ) by a power law having a photon index ∼2 and a 2-10 keV flux of ∼1.4 × 10 −13 erg cm −2 s −1 . The second object in brightness is source #3, revealed by XRT at ∼4σ confidence level: it has an optical counterpart in an USNO-B1.0 object located at RA(J2000) = 08 h 26 m 17. s 88, Dec.(J2000) = +40
• 47 59. 0 (with magnitude R = 19.6 − 20.3) and it is also listed in the Sloan Digital Sky Survey (SDSS) as a quasar candidate (SDSS J082617.87+404758.6; Richards et al. 2004 ) with redshift z = 0.975. No IR counterpart has been found in the 2MASS catalogue. The statistical quality of the XRT data of this source is too poor for a proper characterization of the X-ray spectrum, allowing only a flux estimate in the 2-10 keV energy band of ∼5 × 10 −14 erg cm For the two remaining objects (#1 and #4), within their XRT positional uncertainty, we do not find any catalogued object in the various data bases quarried; their 2-10 keV flux is very weak being around ∼2 × 10 −14 erg cm −2 s −1 . The variable nature of IGR J08262+4051 suggests that any of these four X-ray objects could be the counterpart if the source was caught in a quiescent state during the XRT observation. Given the extragalactic nature of two of these XRT detections, the presence of a galaxy group in the region and the high Galactic latitude of the IBIS source (b ∼ 34
• ), it is likely that also the other two sources are of similar nature, i.e. galaxies. We therefore conclude that IGR J08262+4051 is most likely an AGN of still unclassified type and that dedicated optical follow-up observations of the four X-ray detections can determine their class and define which is associated to the IBIS source.
IGR J10447−6027
This source was discovered by Leyder, Walter & Rauw (2008) during the analysis of the region surrounding Eta Carinae and associated to a young stellar object (YSO; IRAS 10423−6011). The characteristics of the IBIS spectrum could be interpreted either as evidence for a new high-mass X-ray binary, or as a signature of accretion and/or particle acceleration in the YSO. The analysis of the XRT image, shown in Fig. 6 , clearly indicates the presence of an X-ray source within the IBIS error circles reported by Bird et al. (2010) [larger black circle, IBIS(1)] and Leyder et al. (2008) [smaller black circle, IBIS(2)], while the lack of an XRT detection at around the YSO position leads us to discard the association between the YSO and the IBIS object proposed by Leyder et al. (2008) . The only X-ray source visible in the XRT image is detected at ∼4.9σ confidence level in the 0.3-10 keV energy band (see Table 2 ). A further more detailed analysis shows that this source is not detected below 5 keV, but its significance in the hard energy range (5-10 keV) is 4.4σ (4.41 ± 1.00 counts s −1 ) indicating a very hard spectrum and confirming the association to the IBIS source. Within the XRT uncertainty we find three objects belonging to the 2MASS survey (see Table 2 ); these IR/XRT sources have no optical counterparts in the USNO-B1.0 catalogue or at other wavelengths. Fortunately, a Chandra observation of this region provides further constraints on the location and positional uncertainty of the XRT source [RA(J2000) = 10 h 44 m 51. s 99, Dec.(J2000) = −60 • 25 12. 3], less than 1 arcsec error radius (Fiocchi private communication) and helps pinpoint only one 2MASS/IR counterpart of the X-ray/gamma-ray object, i.e. the one reported in Table 2 . This source has magnitudes J and H of ∼15 and magnitude K of ∼14, which combined with the optical non-detection in USNO-B1.0 implies a quite red object.
The X-ray spectroscopy (see Table 3 ), although of low statistical quality, indicates an absorbed power law (N H ∼ 2 × 10 23 cm −2 , = 1.8 frozen), in line with the source reddening. Clearly, only IR follow-up observations, particularly spectroscopic measurements, could possibly shed light on the nature of this intriguing source.
MCG+04-26-006
This source also appears in the recent Swift/BAT survey of Cusumano et al. (2009) and it is associated with MCG+04-26-006, also named UCG 05881, reported in NED as a galaxy at z = 0.020. The region is however crowded with objects and MCG+04-26-006 itself belongs to a compact group of galaxies, so that it is not clear if we are seeing one galaxy or a cluster of galaxies. Within the combined IBIS and BAT positional uncertainties, there is only one X-ray source detected at ∼14σ confidence level (see Fig. 7 ). It coincides with MCG+04-26-006 which is reported both in the USNO-B1.0 catalogue with magnitude R = 9.85-10.04, in the 2MASS extended object list (2MASX J10464247+2555540) and as an IRAS source. The XRT localization is also compatible with a NVSS radio source (NVSS J104642+255552) having a 20 cm flux of 10.7 ± 0.5 mJy.
The X-ray spectrum indicates (see Table 3 ) an absorbed (N H ∼ 1.2 × 10 23 cm −2 ) steep ( ∼ 3) power law having a 2-10 keV flux of ∼2 × 10 −12 erg cm −2 s −1 . It is possible that thermal emission from the galaxy group contaminates the X-ray spectrum providing a softer spectrum than generally observed in AGN. However, the fit is equally acceptable (χ 2 /ν = 12.2/13) if we fix the photon index to the AGN canonical value of 1.8; in this case, the absorption is slightly less (∼7.5 × 10 22 cm −2 ), but still in excess to the Galactic value. The source shows a flux variability of a factor of 2, during XRT pointings, with a time-scale of a day, although no variation in spectral shape is observed; this suggests that AGN emission is likely to be dominating any thermal emission if present. Just on the basis of these results, we can conclude that the IBIS source is probably extragalactic, most likely a type 2 AGN as described. Fortunately, the source is listed in the SDSS catalogue and so an optical spectrum is available to confirm our findings: the source is classified as a Low Ionization Nuclear Emission Region (LINER; Masetti et al. 2009 ). The absorption observed suggests that it could be a type 2 LINER, i.e. one without the broad Hα component. This would then indicate that the source is powered by an absorbed active nucleus rather than by starburst activity.
PKS 1143−696
This source, first reported by Krivonos et al. (2007) in their all-sky hard X-ray survey (Krivonos et al. 2007) , is classified in SIM-BAD/NED as a possible quasar; the object is also listed in the ROSAT Bright Survey (1RXS J114553.1−695349) and in many radio catalogues, giving support to the association with the IBIS source. PKS 1143−696 was reported in the fourth catalogue (Bird et al. 2010) as it was detected by mean of the bursticity analysis, which provides a clear detection. This implies that the source is variable above 10 keV. The XRT image provides only one source detected at ∼28σ confidence level (see Fig. 8 ) and coincident with PKS 1143−696. Within the XRT positional uncertainty, there is only one object in the USNO-B1.0 catalogue having magnitude R ∼ 15.7 and in the 2MASS survey with magnitudes J = 14.828 ± 0.040, H = 13.928 ± 0.050 and K = 12.952 ± 0.038.
The X-ray spectrum is well fitted with an unabsorbed power law having a photon index ∼ 1.7 and a 2-10 keV flux of ∼5.4 × 10 −12 erg cm −2 s −1 . During the XRT observations, the source showed variability in flux (by a factor of 1.2 within a timescale of a month), but not in spectral shape.
To characterize the source in the radio band, we have used SPECFIND (Vollmer et al. 2005 ), which is a tool able to cross-identify radio sources in various catalogues on the basis of a self-consistent spectral index as well position. This allows us to combine data at different frequencies and to estimate the source radio spectrum (S ν ∝ ν α ); for this object, the spectrum has a slope of -0.2 indicative of a compact radio source. Clearly, PKS 1143−696 is an AGN with many X-ray and radio properties resembling those of a quasi-stellar object (QSO); follow-up optical spectroscopy should be able to classify this source more properly.
IGR J12123−5802
Another interesting case is that of IGR J12123−5802. Within the IBIS uncertainty, an archival search indicates the presence of a ROSAT Bright Survey source (1RXS J121222.7-580118) located with an accuracy of 12 arcsec. XRT reveals instead two X-ray sources (# 1 and #2 as shown in Fig. 9 ) detected at ∼21σ and ∼3.2σ , respectively. Source #1 has a counterpart in the USNO-B1.0 catalogue located at RA(J2000) = 12 h 12 m 26. No counterpart in any data base is found for source #2, which is detected up to 4 keV.
At ∼1 arcmin away from source #1, we find the ROSAT source 1RXS J121222.7−580118 (see Fig. 9 ): it is detected just below ∼3σ confidence level and only up to 3 keV; it has a 2-10 keV flux of ∼3 × 10 −13 erg cm −2 s −1 assuming a power-law model with the photon index frozen to 1.8. A variable behaviour of this source could be a viable way to explain why it is listed in the ROSAT Bright catalogue, but it is faint during the XRT observation. Since IGR J12123−5802 is listed as persistent in the fourth IBIS catalogue, it cannot be associated with 1RXS J121222.7−580118 nor to source #2 given its weak X-ray flux and soft spectrum; thus, source #1 becomes the natural counterpart of the IBIS detection.
The X-ray spectrum of this source is well described by a simple power law having a flat photon index ( ∼ 1.3) and a 2-10 keV flux of ∼4.5 × 10 −12 erg cm −2 s −1 (see Table 3 ). Despite being able to pinpoint the X-ray and optical counterpart of IGR J12123−5802 in source #1, we cannot infer anything about its classification. Also in this case, optical spectroscopy will be necessary to identify this-high energy source.
IGR J1248.2−5828
In this case, we find three X-ray sources located within the IBIS uncertainty (see Table 2 and Fig. 10 ): one (source #1) is detected within the 99 per cent IBIS error circle, while the second (source #2) and the third (source #3) ones are located at the border and inside of the 90 per cent IBIS uncertainty, respectively. From a detailed analysis of the XRT image of the longest observation (∼3.7 ks), source #1 turns out to be the faintest object of the three detections, being detected at ∼3.3σ over the entire XRT energy band.
Its position is compatible with an object classified as a star (HIP 62427) in SIMBAD. Source #2 is brighter in soft X-rays having a count rate of (53.5 ± 4.4) × 10 −3 counts s −1 even compared to source #3 [(45.6 ± 4.1) × 10 −3 counts s −1 ]. Its XRT position is coincident with CCDM J12477-5826AB, classified as a double or multiple star in SIMBAD, and it is also compatible with a ROSAT Faint Survey source (1RXS J124742.1−582544), which is still unclassified. The third object (#3), detected at 11σ confidence level in the 0.3-10 keV energy band and still revealed above 3 keV, has a counterpart in a USNO-B1.0 source located at RA(J2000) = 12 h 47 m 57. s 85, Dec.(J2000) = −58 • 29 59. 9 (with magnitude R = 14.61-15.13), and it is also listed in the 2MASS Extended survey (2MASX J12475784−5829599). The object location is also compatible with a radio source belonging to the Molonglo Galactic Plane Survey 2nd Epoch Compact Source (MGPS-2; Murphy et al. 2007 ) catalogue, with a 36 cm flux of 16.5 ± 1.1 mJy.
The XRT spectra of source #1 and #2 are very soft as no emission is detected above 3 keV; both of them are fitted by a thermal bremsstrahlung model with kT ∼ 0.4 keV and a 2-10 keV flux of ∼2.1 × 10 −15 and ∼2.5 × 10 −14 erg cm −2 s −1 , respectively. Their positional coincidence with stellar objects suggests that the X-ray emission comes from a stellar corona and is not related to the IBIS source.
The X-ray spectrum of source #3 (see Table 3 ) is instead well described by a power-law model having a flat photon index ( ∼ 0.9) and a 2-10 keV flux of ∼4 × 10 −12 erg cm −2 s −1 . By assuming a photon index of 1.8, the fit is still acceptable ( χ 2 /ν = 13.0/15) and provides a high intrinsic absorption of ∼2 × 10 22 cm −2 . During the XRT observations this source shows a flux variability of a factor of 2.5 on a time-scale of a few months.
The X-ray brightness and hard spectrum of source #3 argue in favour of its association with IGR J1248.2−5828; furthermore, the information collected on this X-ray counterpart, i.e. its association to a 2MASS Extended object and to a radio source, lead us to propose IGR J1248.2−5828 as an AGN behind the Galactic plane. This suggestion has recently been confirmed by optical follow-up observations (Masetti et al. 2009 ).
NGC 4748
Within the IBIS error circle (see Fig. 11 ), we find only one X-ray source at ∼24σ confidence level, which coincides with NGC 4748, classified as a Seyfert 1 galaxy in NED with redshift z = 0.01463. It is reported in the 2MASS Extended catalogue (2MASX J12521245−1324528) and also in the ROSAT Bright Survey (1RXS J125212.5−132450). The XRT localization is also compatible with a NVSS radio source ( The X-ray spectroscopy (see Table 3 ) indicates an unabsorbed power law having a photon index ∼ 2, a 2-10 keV flux of ∼3.3 × 10 −12 erg cm −2 s −1 and a flux variation of a factor of ∼1.5 on timescale of years during the XRT observations, i.e. fully compatible with its Seyfert class.
IGR J13107−5626
The only source detected in the entire XRT field of view, at ∼6σ confidence level, lies right in the middle of the IBIS error circle. It has a counterpart in a 2MASS Extended object (2MASX J13103701−5626551), which is classified as a galaxy of unknown type in NED. It is reported in the USNO-B1.0 catalogue with magnitudes R = 16. 57-17.24 and B = 16.57-17.24 . The XRT position is also compatible with a radio source belonging to the MGPS-2 catalogue with a 36 cm flux of 35.4 ± 1.6 Jy. As can be seen in Fig. 12 , although the IBIS uncertainty partially overlaps the BAT error circle of Swift J1312.1−5631 (Tueller et al. 2010) , the two sources seem to be uncorrelated. 2MASX J13103701−5626551, which is proposed by Tueller et al. (2010) as the counterpart of the Swift object, is well located within the IBIS uncertainty, but it is ∼1.9 arcmin away from the border of the BAT error circle and ∼9.4 arcmin from the BAT centroid position. Clearly, while the associations between the 2MASS Extended galaxy and the IBIS high energy emitter is evident, the connection with the BAT detection is less convincing. We note that this source is not reported in the most recent 39 month Swift/BAT catalogue by Cusumano et al. (2009) .
The XRT source is faint (2-10 keV flux of ∼1 × 10 −12 erg cm −2 s −1 ), and because of the low quality of the XRT data, we fixed the power-law photon index to 1.8, finding an absorption in excess to the Galactic one of ∼4 × 10 23 cm −2 (see Table 3 ). On the basis of the multiwaveband properties (emission in radio and X-rays and extension in IR), we conclude that IGR J13107−5626 is an AGN, possibly absorbed.
IGR J14080−3023
This source also appears in the recent Swift/BAT survey of Cusumano et al. (2009) where it is associated with a 2MASS Extended object (2MASX J14080674−3023537) classified as a Seyfert 1 at z = 0.024 in SIMBAD. Indeed, the only object detected by XRT within the IBIS error circle (see Fig. 13) , at ∼41σ confidence level, coincides with the Seyfert galaxy. This source is reported in the USNO-B1.0 catalogue with magnitude R = 13.72-14.17 and it is also listed in the XMM-Newton Slew Survey (XMMSL1 J140806.7−302348) with a positional uncertainty greater (∼8.8 arcsec) than that of XRT (see Table 2 ) and a 0.2-12 keV flux of 3.2 × 10 −12 erg cm −2 s −1 , lower than the range measured during the XRT pointings [∼(0.9-1.3) × 10 −11 erg cm −2 s −1 ] in the same energy band. Here too a closer look at the literature indicates that the source is better classified as a Seyfert of intermediate (1.5) type.
The fit of its X-ray spectrum, reported here for the first time, with the basic model does not reproduce satisfactorily the data (χ 2 /ν = 338.6/135). The presence of soft emission below 2 keV is well described by a blackbody component, which provides a fit improvement corresponding to a χ 2 /ν = 196.4/1. This bestfitting model provides a photon index ∼ 1.4 and a blackbody temperature kT ∼ 81 eV (see Table 3 ). The data do not require extra absorption in excess to the Galactic one. The source shows a slight flux variability (by a factor of 1.3), with a time-scale of a few months, but no variations in spectral shape are observed. The X-ray spectral characteristics are consistent with the AGN type 1 classification proposed for this source.
IGR J17008−6425
This object, first reported in the third IBIS catalogue (Bird et al. 2007 ) as persistent, is detected in the fourth survey by mean of the bursticity analysis, thus indicating a variable behaviour on long time-scale. The analysis of the XRT image reveals the presence of 16 X-ray detections, of which four are located within the 90 per cent and 12 within the 99 per cent IBIS error circle (see Table 2 and Fig. 14) ; all these sources disappear above 3 keV. If we combine the positional uncertainties of the third and fourth survey, it is possible to limit the number of possible associations within the 90 per cent error circles to sources #6 and #7. Within their XRT uncertainty, there is only one object in the USNO-B1.0 catalogue having magnitude R ∼ 18.3 and ∼18.8, respectively. Of these two objects, source #6 is the most promising as it is slightly brighter than the companion.
Apart from source #1, all the remaining 13 X-ray detections are located within the common area covered by the 99 per cent IBIS error circles of the third and fourth surveys. Searching in various data bases, we find a possible counterpart only for four objects (see Table 2 ). Source #3 has a counterpart in a USNO-B1.0 catalogue located at RA(J2000) = 16 h 59 m 56. • 28 48. 0 (with magnitude R ∼ 16.0-16.3), which also belongs to the 2MASS survey with magnitudes J = 14.966 ± 0.043, H = 14.444 ± 0.044 and K = 14.261 ± 0.061. There are two USNO-B1.0 objects within the XRT uncertainty of source #15, the brightest of the two being reported as a 2MASS object having magnitudes J = 13.254 ± 0.030, H = 12.966 ± 0.034 and K = 12.921 ± 0.038. Unfortunately, the information collected about these objects cannot help us in pinpointing the true association.
Furthermore, the faintness of all these X-ray detections prevents us from performing a proper spectral analysis and allows only an estimate of the 2-10 keV flux, which lies in the range ∼(0.4 − 3) × 10 −13 erg cm −2 s −1 . In conclusion, based on the above information, no firm identification can be provided for IGR J17008−6425, although its location at high Galactic latitudes (b ∼ −13
• ) suggests an extragalactic nature.
IGR J17331−2406
Very little is known about this source other than it is a transient caught in outburst in 2004 (Lutovinov et al. 2004) . No optical counterpart has so far been suggested and a Chandra observation of the region did not detect any X-ray source (Tomsick et al. 2008 ). In the fourth IBIS catalogue, the source is found through the bursticity analysis, which is an indication of variability. No XRT detection is found within the IBIS error circle (see Fig. 15 ), highlighting the difficulties of accurately locating sources that are either transient or very variable. Our upper limit on the source X-ray flux is ∼6 × 10 −14 erg cm −2 s −1 (0.3-10 keV) higher than the Chandra one which is in the range (1-1.5) × 10 −14 erg cm −2 s −1 ) (Tomsick et al. 2008) . This is clearly a source which spends considerable time in quiescence (it is possibly a very faint transient) and will therefore be very difficult to classify.
IGR J18134−1636
This is a persistent source, first reported by Bird et al. (2006) in the second IBIS catalogue. Up to very recently no counterpart was reported or suggested for this object, but a Chandra observation of the region revealed the presence of an X-ray source named CXOU J181328.0−163548: this source has no optical or IR counterpart and an absorbed X-ray spectrum with a 0.3-10 keV flux of ∼3 × 10 −12 erg cm −2 s −1 (Tomsick et al. 2009) . No XRT detection is found at the Chandra position nor we detect other sources within the IBIS error circle (see Fig. 16 ); thus, we can only infer an upper limit to the unabsorbed 0.3-10 keV flux (∼7 × 10 −13 erg cm −2 s −1 ) for the entire region, which is lower than the Chandra flux for CXOU J181328.0−163548, calling for some variability in the X-ray flux of the only proposed counterpart suggested so far.
IGR J18175−1530
IGR J18175−1530 was first reported as an IBIS source by Paizis et al. (2007) and then detected by RXTE/PCA during scans of the region (Markwardt et al. 2007 ). Indeed, the source is listed in the fourth IBIS catalogue as a transient discovered through the bursticity analysis. Unfortunately, no source is detected in the XRT images of the two observations available for this region (see Fig. 17 ), so that again we can only provide an upper limit to the 2-10 keV flux (∼4 × 10 −13 erg cm −2 s −1 ) of the X-ray counterpart of IGR J18175−1530. Given the extreme X-ray behaviour observed, also in this case we anticipate that it will be quite difficult to restrict the source positional uncertainty and provide a unique optical counterpart.
IGR J20569+4940
This source, also named 3A 2056+493, was first reported by Krivonos et al. (2007) in their all-sky hard X-ray survey, but left unclassified. Within the IBIS error circle, there is one X-ray source detected at 40σ confidence level in the longest (∼8.5 ks) XRT pointing (see Fig. 18 ). It has a counterpart in a 2MASS object located at RA(J2000) = 20 h 56 m 42. s 72, Dec.(J2000) = +49
• 40 06. 9 with magnitudes J = 13.686 ± 0.000, H = 14.299 ± 0.100 and K = 13.735 ± 0.084. No optical counterpart in the USNO-B1.0 catalogue is associated with this IR source. The XRT position is compatible with the ROSAT Bright Survey object 1RXS J205644.3+494011 and with the XMM-Newton Slew Survey source XMMSL1 J205642.7+494004. XMM-Newton detected the source on two occasions reporting a different 0.2-12 keV flux of (0.83 ± 0.25) and (1.85 ± 0.31) × 10 −11 erg cm −2 s −1 , respectively, on a time-scale of hours. The XRT source also coincides with a relatively powerful radio source (NVSS J205642+494005) having a 20 cm flux of 167.3 ± 5.0 mJy and detections in various radio catalogues. Because it is compact and unresolved in radio and has a 2.8 to 11 cm flat spectral index of −0.4 (Reich et al. 2000) , it is likely a radio loud object. Indeed, it was selected by Paredes, Ribó & Martí (2002) as a possible microquasar candidate given its location close to the Galactic plane, but a blazar classification cannot be excluded at this stage.
The X-ray spectrum is well modelled (see Table 3 ) with a slightly absorbed (N H ∼ 5 × 10 21 cm −2 ) power law with a photon index ∼ 2.3 and a 2-10 keV flux of ∼1 × 10 −11 erg cm −2 s −1 . Optical follow-up observations are required to define if this is a Galactic or extragalactic jet source.
1RXS J213944.3+595016
This source is also reported in the Swift/BAT survey of Cusumano et al. (2009) , where it is associated to a ROSAT Bright Survey object detected within the IBIS error circle and just outside the BAT positional uncertainty; it is located with an accuracy of 7 arcsec. The same source is also the only detection found in the XRT image (see Fig. 19 ) and it is clearly the counterpart of the IBIS and possibly BAT object. It is quite bright in X-rays (∼16σ confidence level) and localized with a better accuracy than the one provided by ROSAT (∼4 arcsec). Within this uncertainty lies a USNO-B1.0 object located at RA(J2000) = 21 h 39 m 45. s 20, Dec.(J2000) = +59
• 50 14. 7 (with magnitude R ∼ 18.7), which is also listed in the 2MASS survey with magnitudes J = 15.165 ± 0.056, H = 14.067 ± 0.062 and K = 12.889 ± 0.038.
The X-ray spectrum, fitted with a slightly absorbed (N H ∼ 3.5 × 10 21 cm −2 ) power law with a photon index ∼ 2 and a 2-10 keV flux of ∼6 × 10 −12 erg cm −2 s −1 (see Table 3 ), is similar to those typically observed in AGNs. Indeed, recent optical follow-up measurements confirm the AGN classification (Masetti et al. 2009 ).
IGR J22234−4116
Although this source is reported as persistent both in the third and fourth IBIS catalogues (Bird et al. 2007 (Bird et al. , 2010 , the XRT data do not show the clear presence of a bright source within the IBIS error circle (see Fig. 20 ). Instead the analysis of the XRT image provide evidence for nine detections of which six are located within the 90 per cent and three within the 99 per cent IBIS error circle (see Table 2 ). All these sources disappear above 3 keV indicative of a soft spectral shape and only a few objects have possible counterparts at other wavelengths. NED also reports the presence in the region of a loose group of galaxies but none of its members is detected by XRT (Tucker et al. 2000) .
Source #2 has a counterpart in a USNO B-1.0 catalogue located at RA(J2000) = 22 h 23 m 11. s 33, Dec.(J2000) = −41 • 19 01. 0 (with magnitude R ∼ 18.9-19.1) but it is not listed in the 2MASS survey. Its XRT position is also compatible with a ROSAT Faint object (1RXS J222313.2−411923). Within the XRT uncertainty of source #6, we find a radio source belonging to the SUMSS catalogue (SUMSS J222344−411150) having a 36 cm flux of 20.4 ± 1.8 mJy. In the case of source #9, the XRT position is consistent with those of a USNO-B1.0 object located at RA(J2000) = 22 h 23 m 48. s 26, Dec.(J2000) = −41
• 17 27. 1 (with magnitude R ∼18) also listed in the 2MASS survey with magnitudes J = 15.561 ± 0.049, H = 15.132 ± 0.070 and K = 14.965 ± 0.106. All these objects are too faint in X-rays to perform any spectral analysis, allowing only a flux estimate in the 2-10 keV energy band in the range ∼(0.6-3) × 10 −13 erg cm −2 s −1 . Although we are not able to pinpoint amongst all these sources the true counterpart of the IBIS source, we note that IGR J22234−4116 is most likely an extragalactic object on the basis of its high Galactic latitude (b ∼ −56
• ) as we rarely find a cluster of galaxy as an IBIS source.
C O N C L U S I O N S
The use of the XRT data archive has allowed us to find the optical counterpart and/or provide X-ray information for 20 INTEGRAL sources in the fourth IBIS catalogue. The result of our work is summarized in Table 4 . Interestingly, the majority of the sources discussed in this paper appear to be AGN even if their location is sometime close to the Galactic plane. Four objects (IGR J00465-4005, 
